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Logical Operations and Sentcnce .iemory in Children
J. Richard Barclay and i.arylou Reid
University of Colorado

Sone psycholinguistic thecorists regard sentence comprehension as an®
interpretive, analytic process, in vhich the listencr analyzes the sentence
linguistically and extracts some or all of the information it contained
(c.g., Clark, 1969; Katz & Fodor, 19G3). wuowever, a rapidly expauding body
of research indicates that comprchension is instead a highly constructive
process, in which scmantic representations arc constru:zted by assimilating
sentential informatiofi to the listener's knowledge system (e;g., Larclay, 1973;
Bransford, Baré}ay, & Franks, 1972). The tern ‘knowledge syster’ here refers
to logical and other cognitive operations, as well as to information stored as
concepts, facts, and so forth. Becausc scrantic representations arc comstructed
through the interrlay of sentential information and an active knowledge system,
these representations can embody more information than a scentence gctually
expressed. For exarple, the finished'semantic product often contains impli-
cations or infercnces derived from perceived scentences.

To illustrate, consider an experiment by Darclay (1973). Adults were
rcad a list of comparativc sentences such as ThE ARTIST IS TALLER TuAW Tiik
COWBOY, TuE FIRENAU IS SHORTLR THAN Tuii COVBOY, and so on. The putative task
was to figure out the relative order of five wen in teris of height. In the
surprise recall task which followed, subjccts recalled relatively few of the
sentences actually presented. Instead, nost of their recall responses were
inferences. Responses caterorized as inferences were cither statements which

were logically equivalent to presented sentences (a primitive sort of inference),

or statcnents which resulted from transitivc rcasoning. For example, if




subjects had hcard THE ARTIST IS TALLER TuAJ Tl COUBOY and THE TIRLUAG IS
JTIORTER THAW THE COUBOY as part of tiac list, they would erroncously remember
having heard sentences like Thi. COWBOY IS SLORTLR Thiaui Thié ARTIST, a logical
equivalent, and Thk ARTIST IS TALLEL TuAd Ti: FIRELAJ, a transitive inferencec.
Finally, it is important to notc that the proportions of varcious types of
recall responses were highly predictable under the assumption that subjects
had stored just an abstract representation of the constructed linear array
plus a general sentence frame (‘The (x) is (taller/shorter) than the (y).").

Apparently, no more specific information about individual sentences had been

stored.

In the study just described, sub;:::::ZLoccsscd a sct of scmantically
related sentences, drew inferences from the information the: contained, in-
tegrated all of the resultant information, and then stored a unifieq semantic
entity which later guided recall. Clearly, this process is relevaut not'only
to considerations of psycholinruistic theory, but also to typical learning
:ituations involving linguistically transmitted information.

The present research was an initial investigation of the extent to

*
vhich children perform similarly to adults in a situation approximating thosc
used in Barclay's studics. Hethodolozical details will be presented below,
but for now simply note that the present task required children to solwve
t;ansitiyity problems on tiie basis of a few brief '"clues" or prenises.
Following cach solution, the subjects attcumpted to recall the clues, and their
racall data in turn were taken to indicate the nature of the constructed
nemory representations.

A developnental investiration along these lines was considered worth-

while on the following grounds. On onc hand, the construction of a holistic
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*3
ucriory representation which includes inferences could be an inhergnt compon-
ent of linguistic processing, such that the teandency for infercnces to intrudc
in recall shows no developmental trend over a sufficiently wide age span. On
the other hand, perhaps the youncer children, who have recently acquired a
given logical operation, are less lilely to spontaneously store inferences
than arc the older children, who are wore practiced in the use of that
operation. (A variation on this second theme is that children just becoming
familiar with an operation which is inhercitly necessary for constructing
a holistic array arc perhaps unable to p;rform such a construction very well.
As the operation becomes easier to perf&rm, or is used more widely, their
menory r-presentations could become more unificd and stable.) Thus, the tendency
for infercnces to intrude in recall would increase vith ape, rather than
renain stable. These é&nflicging views depict different sorts of nemory
ropresentations: 1in the extreme, one represcntation embodies both expressed
and inferred information, and the other contains only expressed information.
The present study was designed as an initial test of these two working hypothescs.

1iETLOD

The subjects, all of rourhly equal and average intellipence, were drawn
from the second, third, fifth, and sixth grades of a predoninantly middle-~
class clementary school. Proportions of malcs and females were not Lalanced
cvenly eitner within or acrosc rrades, but inspcection of the data teé;aled
no hint of sex differenccs.

The experimental task included five transitive reasoning probleﬁé, set

'

in the context of a detective game. Lach problem involved three items

ordered along a given dimension. For example, one problet required subjects to

deternine which of three men was the fastest runner. Three clues were given,

L
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| . one of which was al' ays rediadant. In this case, the clues werc: THE SAILOQR
1S SLOVER Ti:Aw: TLL LLILKAH; Tull LAUYER IS FASTLR TUAU ThE CILKIAG; Thid LILRGAM l
IS FASTLR TuAill TLL SAILOR. Thesc clues pernit a transitive inference, which

; could be stated either as THE SAILOR IS SLOVER TliAWd Tii LAUYER or as Tiik

} LA\WER 1S FASTER THALl fhﬁ SAluut. Tor cach nrobicm, after the child had

b subnitted his solution, he was askud to rccall all of the clues.

Adﬁing the redundant clue peraitted better syntactic counterbalancing
across the five problems, and halped to clicit niore data by adding an extra
sentence to be recalled.

'RESULIS A D DISCUSSION

In order to ensure that all subjeccts in the final analysis werc capable ' ” .
of transitive reasonins, only those '*ho solved at least four of the five
problems were included. The sixth graders' behavior during the task indicated
that their performance was qualitati-sely different frouw that of the younger
subjects; consequently, the sixth orzders' data verc analyzed separately.

Amonyg, the cecond, thard, an¢ fifth agiaders, the proportion of subjects
eiving at least one transitive infercnze cdurine rccall remained comsistently
nich:- .79, .79, and .94 respestively. Oa this neasure, the difference between
theygifth gradess zad the tun younser ¢ oups approached, *at did aot reach,
statistical siznificance (vrogovtions tcst,_ﬁ(%) = 2.70, p<.13).

For finer analyses, the data were fuither restracted to include only
subjects who gave at lecast cae transitive inference in reca11,~1eaving 15

subjects at each grade. Only recall respenses followins correctly solved

problems were exanined. For cnch subject, recall responses were divided

into four categories: OLDs, snntences actually presented as clues: EQUIVALENTr,
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sentences vhich were logically equivalent to the presented clues: TRAISITIVLs ,
transitive infercnces derived froum the clues; and FALSE.; scntences which were
false with rcspect to the order among the three itens on a riven problem. For
cach subjcct, the proportions of his total responscs falling into cach of these

categories were tabulated, and the results are presented iv ‘Table 1.

Insert Table 1 about here

A Grade by Sentence Type analysis of variance and appropriate post-hoc
tests ﬁere carried out on the proportions, with the followinr najor results.
In general, chdence for a dcvelop?ental increase in the tendency for inferences
to intrude in recall is indirect but nomctheless interesting. The increaéc
in the proportions of LQUIVALEITs across grades vwas not significant, and the
proportions of TRAJSITIVEs were nearly identical across grades. There was,
houcver, one important differcnce between the sccond and fifth grade subjects:
fifth graders gave significantly more LQUIVALEWTs and TRAUSITIVEs than FALSEs
(»<.05); second graders gave sinnificantly fewer EQUIVALL.ITs than cither
TRAJSITIVEs and FALSEs (p<.05), with the latter two being eégal. It is quite
possible that for the younsest subjects, responscs scoréd as EQUIVALEWTs and
TRAJSITIVEs were actually just cuesses, or in any event, not actually
“inferences" as we have catccorized them, since they are at the same pro-
portional level as FALSE rcsﬁonscs. Along these lines, note that the pro-
portion of FALSEs did decrcasc significantly fron second to fifth grade (p<.05).
Furthermore, cxanining the data frow incorrectly solved proble-is showed that the
recall responses of the fifth gradcrs irere usually internally consistent

vhile those of second praders were quite often inconsistent and mutually

contradictory. +Thus, there is sufficient evidence to suggest that sccond
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and fifth graders werc basing their recall oﬁ different sorts ot memory
representations.

As for the third graders, their scores did not differ sicnificantly
from those of the sccond or fifth eraders in any of the responsc categories.
Lowever, their performance was closer to that of the older subjects in that
they submitted nore TRaSITIVEs than FALSLs (p<.05), sugpesting that re-
sponses classcd as TRAIUSITIVLs for the third graders were in fact inferences,
and not just ruessecs.

Finally, consider the results of the sixth graders. ‘hile those datq
appcar to interupt the trcndé described for the younrcer groups, it was clear
that for these oldest subjects, the task was ncithcr challensinge nor even
interestins. They solved the problems cuite casily, and oftem commented
spontaneously on being bored with various aspects of the task. Only 60?‘
of thosc who solved the criterial number of problems gave any transitive
inferences in recall. ‘Men the data from all sixth ~raders who reached the
problem~solving criterion vere examined, a surprisinecly hich nueber of incon-~
sistent and contradictory reccall responses were found. In general, their
pcrformhnce was simply sloppy and disinterested throughout the task, and to
corpare their data statistically to the rest would bec misleadina.

In summary, across the sccond to fifth grade range, there was evidence te

sugpest a difference between the oldest and youngest <roups in the memory

.
i3

representations vhich dirccted recall of lormically related sentences. 'The
developuental trend was from what sceied to be an unstable and fragnentary
memory representation, which included inconsistcnt and contradictory information,
toward a morc stable, unified, and intcrpally consistent representation which

enbodied both cxpressed and inferred informatior.
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Footnotes
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| table 1

ilean proportion of total responses in cach recall category

Recall Category

Grade 0l1d Equivalent Transitive False
2 .05 .06 .14 .17
3 .69 .08 .15 .0C
5 1 .12 .12 .04




